Regulation of cell proliferation by epidermal growth factor.
Epidermal Growth Factor (EGF) is a 6045 dalton polypeptide which stimulates the proliferation of various cell types in vitro and in vivo. EGF binds to diffusely distributed membrane receptors which rapidly cluster primarily on coated pits areas on the plasma membrane. Subsequently, the EGF-receptor complexes are endocytosed and degraded by lysosomal enzymes. The lateral diffusion coefficient (D) of EGF-receptor complexes on cultured cells increases gradually from D = 2.8 X 10(-10) cm2/sec at 5 degrees C to 8.5 X 10(-10) cm2/sec at 37 degrees C. In the same range of temperature the rotational correlation times change from 25 to 50 microseconds to approximately 350 microseconds. Hence, at 4 degrees C, the occupied EGF receptors translate and rotate rapidly in the plane of the membrane. At 37 degrees C, EGF receptors form microclusters composed of 10 to 50 molecules. Moreover, it is concluded that both at 4 degrees C and 37 degrees C lateral diffusion of the occupied receptors is not the rate determining step for either receptor clustering or internalization. EGF receptor is a 150,000 to 170,000 dalton glycoprotein. The receptor is in close proximity to an EGF-sensitive, cAMP-independent, tyrosine-specific protein kinase which also phosphorylates the receptor molecules itself. The EGF sensitive kinase is similar to the kinase activity which is associated with certain RNA tumor viruses. The fact that the non-mitogenic cyanogen-bromide cleaved EGF is as potent as native EGF in stimulating phosphorylation suggests that EGF-induced, protein phosphorylation is a necessary but insufficient signal for the induction of DNA synthesis by EGF. EGF receptor serves also as the binding site for Transforming Growth Factors (TGF) which compete with EGF and induce anchorage-independent growth of normal cells in soft agar. Tumor promoters such as phorbol ester effect the binding of EGF to its membrane receptors and its ability to stimulate DNA synthesis. EGF itself has also some tumor promoting activity. Hence, the membrane receptor for EGF seems to participate in the regulation of normal and neoplastic growth. Monoclonal antibodies against EGF receptor (IgM) induce various early and delayed effects of EGF, while their monovalent Fab' fragments are devoid of biological activity. These observations support the notions that EGF receptor rather than EGF itself is the active moiety and that the role of the hormone is to perturb the receptor in the appropriate way, probably by inducing the microaggregation of EGF receptors.